Noble gas permeabilities and diffusivities of Kapton, butyl, nylon, and "Silver Shield" are measured at temperatures between 22
one hundred roughly 25 cm diameter flanges at temperatures between 20-be used as a vacuum seal gasket. Silver Shield is a composite glove or bag- 
Background

27
Permeation is the process through which a gas passes through a solid 28 material. The permeability K is defined as
where Q is the number flow rate of a test gas through a thickness d and 30 cross-sectional area A under a pressure difference ∆P . The permeability K 31 can also be written as
where D is the diffusivity and b is the solubility of gas in the material. The 33 solubility determines the concentration of gas dissolved in the polymer at a 34 given partial pressure; the diffusivity determines the rate at which gas flows 35 in the material.
36
By observing the time evolution of gas permeation after establishing a concentration gradient, it is possible to probe diffusivity independent of solubility. The solution of the one-dimensional diffusion equation [12] for gas diffusing across a membrane of thickness d gives the gas flow Q from the low-pressure side to be
where Q 0 is the final steady state flow. Note that the dynamics of the flow are determined only by d and the diffusivity D. The time taken for a significant amount of gas to permeate through the film is called the breakthrough time or lag time. Experiments measuring permeation typically define this to be
The determination of D and t b from flow measurements is discussed in detail 37 in Section 4.
38
As with permeation through other polymers, the permeation of noble 
where E K is the energy of permeation, and E D is the energy of diffusion.
43
In this experiment, this temperature dependence is observed and used to 
Experimental
48
We measure permeation using a specific gas flow method in which a con-49 stant high pressure of gas is placed on one side of a film and the steady-state of radon by extrapolating from permeation data of the stable noble gases.
57
The apparatus (shown in Figure 1 ) consists of three major parts: a high-58 pressure inlet chamber, a low-pressure outlet chamber, and a film holder.
59
The two chambers are constructed from stainless steel tubes and VCR to a steady state value, P ss , set by the flow of the permeating gas and by the 88 pumping speed and conductance of the pumping line.
Results and Discussion
90
The time evolution of test gas partial pressure in the low-pressure chamber 91 is analyzed to determine the permeability and the diffusivity of the test gas the low-pressure chamber to rise asymptotically to a steady state value, P ss .
97
The diffusivity D is determined by fitting the solution to the one-dimensional 98 diffusion equation (Equation 3) to the partial pressure data shown in Figure   99 2. To fit this model to the data, we use terms up to n = 3, which provides 100 less than 1% deviation from the infinite sum over the entire fitting interval.
101
The breakthrough time can then be calculated using Equation 4. The fitting 102 procedure is repeated for each experiment as the film material, film thickness, 103 test gas, inlet pressure, and temperature are varied.
104
The test gas permeation rate Q is determined by comparing the steady that the permeability is given by
We can then use Equation 2 to calculate the solubility b from K and D.
115
In order to check for systematic error, we varied several features of our 116 experiment. To ensure that the test gas did not saturate the film material,
117
we varied the inlet pressure of helium and neon and found that inlet pressure 118 had no effect on K (shown in Figure 3) through which permeation at elevated temperatures were measured.
131
Using methods described above, we determined the permeability and dif- 
144
Using the methods discussed in the previous sections, we are able to 145 determine the stable noble gas permeability, diffusivity, and solubility of the 146 four materials studied at 22
• C. This data is shown in Table 1 . 
Model for Noble Gas Permeability of Polymers
148
The permeation of some polymers has been observed to show an expo- 
168
The uncertainty of the radon permeation estimates is dominated by sys- 
180
The radon isotope of concern to low radioactive background experiments 181 is radon-222, which has a half-life of 3.8 days (3. Figure 2: (Color online) Sample data used to determine permeability and diffusivity. At t = 0, gas is introduced to the high-pressure chamber and allowed to come in contact with the film. Due to the pressure difference across the film, the gas begins to permeate the film. The argon gas partial pressure rises asymptotically to a steady state pressure after a characteristic breakthrough time, t b , defined in Equation 4. Relative Uncertainty 50% 10% 10% 50% 
